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Summary

We examined the cerebrospinal fluid (CSF) markers of subarachnoid hemorrhage (SAH)-induced
and idiopathic normal pressure hydrocephalus (INPH) to investigate the pathophysiology and
mechanism of communicating hydrocephalus compared to obstructive hydrocephalus.

We obtained CSF samples from 8 INPH, 10 SAH-induced hydrocephalus, and 6 unmatched patients
with non-hemorrhagic obstructive hydrocephalus during their ventriculoperitoneal shunt operations.
Transforming growth factor (TGF)-B1, tumor necrosis factor (TNF)-o., vascular endothelial growth
factor (VEGF), and total tau in the CSF were analyzed via enzyme-linked immunosorbent assay.
The mean VEGF levels in the CSF of patients with SAH-induced hydrocephalus, INPH, and obstruc-
tive hydrocephalus were 239+131, 239+75, and 163+122 pg/mL, respectively. The total tau concen-
trations in the CSF of the groups were 1139+1900, 325+325, and 1550+2886 pg/mL, respectively.
TNF-o values were 114+34, 134+38, and 55+16 pg/mL, respectively. TGF-B1 values were 953+430,
869+447, and 13663 pg/mL, respectively. A significant difference in TNF-o. and TGF-B1 levels was
observed only between SAH-induced and chronic obstructive hydrocephalus, and between INPH
and chronic obstructive hydrocephalus (p<0.01).

No significant differences in the 4 CSF biomarker levels were observed between INPH and SAH-
induced hydrocephalus, whereas CSF TNF-0, and TGF-B1 levels were increased compared to those
in patients with chronic obstructive hydrocephalus. Post-SAH hydrocephalus and INPH are prob-
ably more destructive to neural tissues, and then stimulate the inflammatory reaction and healing
process, compared with obstructive hydrocephalus.
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transforming growth factor-31 ¢ tumor necrosis factor-o. ¢ vascular endothelial growth factor
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BACKGROUND

Many biochemical products are exchanged within the cen-
tral nervous system (CNS) through the cerebrospinal fluid
(CSF), which is the main component of the CNS’s extracel-
lular fluid. CSF may reflect the pathophysiology of various
neurological disorders that occur in the CNS, as well as in
healthy conditions, because the CSF plays a specific role
for physiological control in the brain to maintain a stable
CNS condition [1]. Various biochemical materials, such as
neuropeptides, neurotransmitters, proteins, enzymes, and
metabolic by-products, have been assayed in the CSF of pa-
tients with psychiatric, neurochemical, dementia, neuroin-
flammatory, and traumatic disorders [2—4]. Previous stud-
ies have reported that either transforming growth factor
(TGF)-B [5,6] or vascular endothelial growth factor (VEGF)
[6] is increased in the CSF of patients with posthemorrhag-
ic hydrocephalus, whereas tau [7] and tumor necrosis factor
(TNF)-o [8] are increased in the CSF of patients with nor-
mal pressure hydrocephalus (NPH). Thus, these proteins
have emerged as promising biological markers of chronic
hydrocephalus [9].

NPH is characterized by a symptom triad of gait disturbance,
cognitive dysfunction, and urinary incontinence in patients
with an enlarged ventricular system despite normal CSF pres-
sure [10]. Itis a critical pathophysiological feature of NPH
that the CSF dynamics are interrupted with reduced absorp-
tion through the arachnoid villi, a compensatory CSF flow
into the periventricular white matter, and transcapillary CSF
absorption [11,12]. The hydrocephalus of NPH was first
considered idiopathic. However, an etiology can be identi-
fied in some cases, suggesting a previous history of elevat-
ed intracranial pressure. The possible etiologies include,
but are not limited to, subarachnoid hemorrhage (SAH),
trauma, meningitis, and tumors. Among them, SAH is one
of the common causes of NPH, along with idiopathic NPH
(INPH). Chronic hydrocephalus develops in 10-20% of
patients who survive aneurysmal SAH [13]. Basal cisternal,
subarachnoid, arachnoid villi fibrosis, and the formation of
arachnoid/pial adhesions may play a major role in develop-
ing chronic hydrocephalus after SAH [14]. Although the
causal materials of post-SAH fibrosis are still unknown, fibro-
genic growth factors, such as TGF-B, have been noted as ma-
jor factors [15]. Thus, the pathophysiology of INPH should
be different from that of SAH-induced hydrocephalus, even
though both are chronic communicating hydrocephalus con-
ditions. Most previous studies have only compared the CSF
biomarkers between NPH and non-hydrocephalic controls
[7.8]. In those studies, the NPH included both idiopathic
and SAH-induced chronic hydrocephalus. Recently, only 1
study has compared the biomarkers in the CSF between sec-
ondary NPH and INPH [16]. However, in that study, the eti-
ologies of secondary NPH included SAH, other cerebrovas-
cular disorders, and trauma. Thus, the aim of this current
study is to identify the pathophysiology of both communi-
cating hydrocephalic conditions (SAH-induced hydroceph-
alus and INPH) as reflected by the CSF biomarkers com-
pared to obstructive hydrocephalus.

MATERIAL AND METHODS

We obtained CSF from 8 INPH patients and 10 SAH-
induced hydrocephalus patients during performance of

ventriculoperitoneal (V-P) shunt operations from 2007 to
2009. Control CSF samples were also collected in the same
manner from 6 unmatched patients with non-hemorrhagic
secondary chronic obstructive hydrocephalus. All the partic-
ipants signed an informed consent form with regards to the
aims of the study, and the study was approved by the Ethics
Committee of Korea University Anam Hospital. INPH was
confirmed according to radiological studies, the triad of hy-
drocephalus-induced symptoms, and the response after ex-
ternal lumbar drainage. SAH-induced hydrocephalus was
defined as clinical and radiological hydrocephalus that re-
quired treatment, and the hydrocephalus was demonstrable
at least 2 weeks after SAH as either the progression of acute
hydrocephalus or the development of chronic hydrocepha-
lus de novo. The control group included chronic hydroceph-
alus patients who required treatment secondary to benign
tumors, or previous shunt failure from unknown causes in
congenital aqueductal stenosis.

Cerebrospinal fluid samples

All the samples were taken during V-P shunt operations and
through intraventricular catheterizations that were fitted
for treating patients with hydrocephalus. Approximately
10 mL CSF was collected from the proximal intraventricu-
lar catheter before connecting the proximal catheter and
shunt valve; the CSF was centrifuged at 800 g for 10 min to
sediment both the hematogenous cells and other cells con-
taminating the sample, and the supernatant was aliquoted
and stored at -80°C until analysis.

VEGF, TGF-$1, TNF-0, and total tau assays

We detected and analyzed specific biomarkers in the CSF
by enzyme-linked immunosorbent assay (ELISA). The bio-
markers were TGF-B1 for fibrosis and tissue repair, TNF-ot
for inflammation, VEGF for angiogenesis, and total tau pro-
tein for neurodegeneration. VEGF, TGF-B1, TNF-a,, and to-
tal tau concentrations were determined using commercial-
ly available sandwich ELISAs (Bender MedSystems GmbH,
Vienna Austria, and Invitrogen, Carlsbad, California, USA)
according to the manufacturers’ instructions. The sensitiv-
ity of the assays were 7.9 pg/mL for VEGF, 9.0 pg/mL for
TGF-B1, 1.65 pg/mL for TNF-a, and 12.0 pg/mL for to-
tal tau. The intra-assay coefficient of variation was 6.2%
(mean: 571 pg/mL, n=8) for VEGF; for TGF-1, it was 5.1%
(mean: 14,346 pg/mL, n=8); for TNF-o., it was 6.0% (mean:
295 pg/mlL, n=7); and for total tau, it was 4.4% (mean: 578
pg/mL, n=3). All assays were carried out in duplicate. All
ELISA 96-well microtiter plates were analyzed using a micro-
plate photometer with a maximum absorbance set at 470 nm
(SpectraMax® M2e Microplate Reader, California, USA).

Statistical analysis

The significance of differences of each biomarker level
among the SAH-induced hydrocephalus, INPH, and con-
trol groups was established by the Kruskal-Wallis test with as-
ymptotic Sig. (p) values, as the distribution of the values was
non-Gaussian. The significance of differences of each bio-
marker level between the SAH-induced hydrocephalus and
INPH groups, the SAH-induced hydrocephalus and control
groups, and the INPH and control groups was established
by the Mann-Whitney U test with two-sided p values, as the
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distributions of the values were non-Gaussian. Statistical
analyses were performed using the statistical software pack-
age SPSS 12.0 for Windows. A probability value of p<0.01
was set as statistical significance. The values throughout the
study are expressed as means + standard deviation (SD).

REsuLTS

Patient clinical profiles

Two of the eight INPH patients were male, and the rest were
female. Their mean age was 67 years (range, 59-80 years).
Their mean symptom duration was 17 months (range, 5
months-3 years). Two of the 10 SAH-induced hydrocephalus
patients were male, and the rest were female. Their mean
age was 66.2 years (range, 46-79 years). Their mean dura-
tion from SAH to V-P shunt was 84.2 days (range, 26-138
days). Seven and two patients underwent surgical aneurysm
clipping and coil embolization, respectively, before the V-P
shunt. One patient did not undergo any intervention for
the aneurysm except a V-P shunt due to the patient’s old
age (79 years old) and generally poor condition. Three pa-
tients underwent extraventricular CSF drainage between
the times of aneurysm surgery and V-P shunt for treating
their acute hydrocephalus. The non-hemorrhagic second-
ary obstructive chronic hydrocephalus patients in the con-
trol group comprised 3 males and 3 females. Their mean
age was 43.3 years (range, 4-63 years). Four patients suf-
fered from chronic hydrocephalus secondary to benign
tumors, and two patients had chronic hydrocephalus sec-
ondary to the malfunctioning of shunt devices which had
been implanted to treat a congenital aqueductal stenosis.
Tables 1 and 2 summarize the characteristics of the patients
with SAH-induced hydrocephalus and NPH and the patients
in the control group, respectively.

Comparison of CSF biomarkers

The mean VEGF concentrations (mean +SD) in the CSF
of the SAH-induced hydrocephalus, INPH, and control pa-
tients were 239+131 (median: 212), 239+75 (median: 224),
and 163+122 (median: 146.5) pg/mL, respectively. No sig-
nificant differences were observed among them. The mean
total tau concentrations in the CSF of the SAH-induced hy-
drocephalus, INPH, and control patients were 1139+1900
(median: 332), 325+325 (median: 223), and 1550+2886 (me-
dian: 331) pg/mL, respectively. No significant differences
were observed among them. The mean TNF-a concentra-
tions in the CSF of the SAH-induced hydrocephalus, INPH,
and control patients were 114+34 (median: 122), 134+38
(median: 123), and 55+16 (median: 53) pg/mL, respective-
ly. A significant difference was seen among these concentra-
tion values (p<0.01). The mean TGF-B1 concentrations in
the CSF of the SAH-induced hydrocephalus, INPH, and con-
trol patients were 953 + 430 (median: 893), 869+447 (medi-
an: 763), and 13663 (median: 149.5) pg/mL, respectively.
Significant differences were observed among them (p<0.01).

We statistically analyzed the CSF biomarkers between each
set of two groups by the Mann-Whitney U test. A significant
difference was observed between the SAH-induced hydro-
cephalus and control groups, and between the INPH and
control groups in the levels of only TNF-o. and TGF-B1, re-
spectively (p<0.01), whereas no significant differences were

observed between the SAH-induced hydrocephalus and
INPH groups for all examined biomarkers.

Figures 1-4 demonstrate the comparison of the concen-
trations of these CSF biomarkers among the three groups,
and Table 3 shows each level of the CSF biomarkers of the
three groups.

DiscussIioN

We failed to find significant differences of the levels of these
four CSF biomarkers between the INPH and SAH-induced
hydrocephalus groups. Our study demonstrated that no sta-
tistical difference in the above-mentioned biomarker levels
was noted between the 2 types of NPH. This partially accord-
ed with the previous study that compared CSF biomarkers,
including tau, between secondary NPH and INPH [16].
Instead, when control CSF samples were obtained from
patients with non-hemorrhagic secondary chronic obstruc-
tive hydrocephalus, the levels of TNF-0,and TGF-B1 of both
NPH types appeared to be elevated compared to this con-
trol group in our study.

The origin of tau is probably damaged or degenerative
neuronal cells in the subependymal region of the dilated
cerebral ventricles [7], while TNF-o. may result from acti-
vated microglial or inflammatory cells in the brain during
the development of chronic hydrocephalus [8]. TGF-B1 is
expressed from endothelial, hematopoietic, and connec-
tive tissue cells in response to tissue injury for wound heal-
ing or fibrosis [17], whereas following hemorrhage, it is re-
leased from astrocytes [18] and platelets [5,6] into the CSF.
Meanwhile, under normal conditions, only a diffuse expres-
sion of VEGF is observed in the brain, with the exception
of some specialized cells, such as those of the epithelium
in the choroid plexus [19]. In contrast, under local or sys-
temic hypoxia, neurons, astrocytes, and microglial cells all
show enhanced VEGF expression [20-22].

Our results suggest that the expression of some biomarkers
in the CSF may be dependent on the time that the CSF was
taken. In particular, the TGF-B1 level in the CSF appeared
to be more elevated in the acute phase of hemorrhage.
Flood et al. [5] observed that the CSF TGF-$1 levels were
elevated at 1-2 days and at 9-10 days posthemorrhage com-
pared to non-hemorrhagic hydrocephalic levels. Douglas et
al. [15] reported that the total TGF-1 levels in post SAH
hydrocephalus over 1-5 days were significantly higher than
the levels in non-hemorrhagic hydrocephalic patients, and
these significantly high levels were sustained through 6-14
days. In contrast, Heep et al. [6] found that the TGF-B1
CSF concentrations of premature infants with post-hemor-
rhagic hydrocephalus did not differ from those of newborn
infants with non-hemorrhagic congenital hydrocephalus.
They collected CSF samples at least 14 days after intraven-
tricular hemorrhage in premature infants with posthem-
orrhagic hydrocephalus. We also collected CSF samples at
least 26 days after the chronic phase of SAH. Interestingly,
Li et al. [1] reported that the CSF TGF-B1 levels of INPH
patients were increased compared to those of the patient
control group, who had only tension headaches. Taken to-
gether, in our series no difference was observed in the CSF
TGF-1 levels between patients with chronic SAH-induced
hydrocephalus and those with INPH, whereas CSF TGF-B1
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Table 1. Characteristics of patients with SAH-induced hydrocephalus and INPH.

Case Gender Age Cause Symptom duration Intervention before shunt
1 F 70 SAH 72 days Clipping
2 F 67 SAH 50 days Clipping
3 F 70 SAH 138 days (lipping
4 F 63 SAH 90 days Clipping
5 M 69 SAH 120 days Clipping
6 F 63 SAH 95 days Clipping
7 M 46 SAH 50 days Clipping
8 F 79 SAH 128 days None
9 F 63 SAH 73 days Coiling
10 F 72 SAH 26 days Coiling
N F 59 Idiopathic 3years None
12 M 80 Idiopathic 3years None
13 F 71 Idiopathic 1year None
14 F 63 Idiopathic 6 months None
15 F 61 Idiopathic 5 months None
16 F 54 Idiopathic 2 years None
17 M 74 Idiopathic 1year None
18 F 74 Idiopathic 6 months None

SAH — subarachnoid hemorrhage.

Table 2. Characteristics of control patients with established non-hemorrhagic secondary chronic hydrocephalus requiring ventriculoperitoneal

shunting.
(Case Gender Age Diagnosis

1 M 55 Chronic obstructive hydrocephalus secondary to trigeminal schwannoma
2 F 61 Chronic obstructive hydrocephalus secondary to vestibular schwannoma
3 M 19 Chronic obstructive hydrocephalus secondary to aqueductal stenosis

4 F 58 Chronic obstructive hydrocephalus secondary to meningioma

5 M 4 Chronic obstructive hydrocephalus secondary to aqueductal stenosis

6 F 63 Chronic obstructive hydrocephalus secondary to meningioma

levels in both groups were elevated compared to the con-
trol group. These findings suggest that CSF TGF-B1 in the
chronic phase of SAH-induced hydrocephalus and INPH
is more expressed through the wound healing process and
fibrosis compared to chronic obstructive hydrocephalus
secondary to an intracranial tumor and congenital origins.

Some previous studies also reported that VEGF was increased
in the CSF of patients with post-hemorrhagic hydrocepha-
lus [6] or chronic obstructive hydrocephalus [23]. Heep et
al. [6] demonstrated that in neonates, the CSF VEGF lev-
els of patients with post-hemorrhagic hydrocephalus were

significantly elevated compared to those of patients with
non-hemorrhagic hydrocephalus, even though the CSF
VEGEF levels of posthemorrhagic and non-hemorrhagic
hydrocephalus patients were increased compared to those
of the non-hydrocephalic neonate controls. Koehne et al.
[24] reported that VEGF concentrations in hydrocephalus
CSF samples, including those samples from post-hemorrhag-
ic operations secondary to an intracranial tumor and con-
genital origins, were significantly elevated compared with
those from routine diagnostic lumbar punctures for unre-
lated reasons. Chronic hydrocephalus probably increases
intracranial pressure, and increased intracranial pressure
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Figure 1. VEGF levels in the CSF of patients with SAH-induced
hydrocephalus, patients with INPH, and patients with
chronic obstructive hydrocephalus (control; mean £SEM).
No significant differences were observed among the three
groups (Kruskal-Wallis test).
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Figure 2. Total tau levels in the CSF of patients with SAH-induced
hydrocephalus, patients with INPH, and patients with
chronic obstructive hydrocephalus (control; mean £SEM).
No significant differences were observed among the three
groups (Kruskal-Wallis test).

may decrease the cerebral blood flow and induce chronic
tissue hypoxia. Finally, such conditions may induce VEGF
secretion from the choroid plexus or migration of VEGF
from the surrounding brain tissue [6,23]. In our series,
no significant differences in CSF VEGF levels were seen
among the SAH-induced hydrocephalus, INPH, or control
patients. This finding suggests that VEGF is probably well
expressed in the CSF of patients with chronic hydrocepha-
lus whether it is idiopathic or secondary, and communicat-
ing or non-communicating.

Some previous studies have demonstrated that the expres-
sion levels of tau [7,25] and TNF-ot [8] in the CSF of NPH
patients, regardless of whether it was idiopathic or post-SAH
hydrocephalus, were elevated compared to that of the con-
trols. Tau protein is a microtubule-associated protein, and it
has been found to be elevated in the CSF of patients suffer-
ing from neurodegenerative diseases such as Alzheimer’s dis-
ease [26], Lewy body dementia, corticobasal degeneration
[27], and Creutzfeldt-Jakob disease [28], indicating that it
is a marker of neuronal degeneration. TNF-o is a proinflam-
matory cytokine that mediates myelin damage, and it is also
overexpressed in the CSF of INPH patients and in patients
with NPH induced by various etiologies, including SAH [8]

Figure 3. TNF-a levels in the CSF of patients with SAH-induced
hydrocephalus, patients with INPH, and patients with
chronic obstructive hydrocephalus (control; mean £5EM). A
significant difference among the three groups was observed
(p=0.003; Kruskal-Wallis test). No significant difference
was observed between SAH-induced hydrocephalus
and INPH patients (Mann-Whitney U test), whereas a
significant difference was seen between the SAH-induced
hydrocephalus and control groups (p=0.005, Mann-
Whitney U test) and between the INPH and control groups
(p=0.002, Mann-Whitney U test).
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Figure 4. TGF-B1 levels in the CSF of patients with SAH-induced
hydrocephalus, patients with INPH, and patients with
chronic obstructive hydrocephalus (control; mean £SEM). A
significant difference was observed among the three groups
(p=0.001, Kruskal-Wallis test). No significant difference
was seen between SAH-induced hydrocephalus and INPH
(Mann-Whitney U test), whereas a significant difference
was observed between the SAH-induced hydrocephalus
and control groups (p=0.001, Mann-Whitney U test) and
between the INPH and control groups (p=0.002, Mann-
Whitney U test).

and other neural disorders that present with demyelination,
such as vascular dementia [29] and stroke with white mat-
ter lesions. By contrast, some studies showed that lumbar
CSF TNF-o concentration was low in INPH patients [30].
Our results demonstrated that there was no significant dif-
ference in CSF total tau levels among SAH-induced hydro-
cephalus, INPH, and control patients. Interestingly, while
no difference in CSF TNF-o level was observed between pa-
tients with chronic SAH-induced hydrocephalus and those
with INPH, the TNF-a level was increased compared to that
of the control group. These findings suggest that total tau is
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Table 3. ELISA results for VEGF, total tau, TNF-q, and TGF-B 1 CSF levels in SAH-induced hydrocephalus patients, INPH, and control patients.

SAH hydrocephalus (N=10) INPH (N=8) Control (N=6)
VEGF 239+131  (54-550,212) 239475 (140-374,224) 163+122  (27-312,146.5)
Tau 1139+1900  (95-5696, 332) 3254325 (52-1045,223) 1550+2886  (172-7422,331)
TNF-a 14434 (49-170,122) 134438 (102-214,132) 5516 (33-77,53)
TGF-B1 953+430  (347-1843,893) 869+447  (492-1912,763) 136+63  (44-226,149.5)

Values are means + SDs and ranges with median. SAH — subarachnoid hemorrhage; INPH — idiopathic normal pressure hydrocephalus;
VEGF — vascular endothelial growth factor; TNF — tumor necrosis factor; TGF — transforming growth factor.

also well expressed in the CSF of patients with chronic hy-
drocephalus regardless of the causes, whereas CSF TNF-a
of the chronic phase of post-SAH hydrocephalus and INPH
is more expressed through an inflammatory reaction after
tissue injury from hemorrhage and ventriculomegaly com-
pared to chronic obstructive hydrocephalus secondary to
an intracranial tumor and congenital origins.

This study had some limitations. As mentioned above, be-
cause we did not obtain the CSF biomarkers of non-hydro-
cephalic controls, no reference values are yet available for
the biochemicals in the CSF of healthy subjects and we do
not know the age-matched reference values of these bio-
markers among the study populations. However, it is prac-
tically difficult to obtain CSF samples through ventricular
catheterization from healthy people due to ethical issues
and technical limitations. Besides, because the aim of this
study was to examine the difference of CSF biomarkers be-
tween SAH-induced hydrocephalus and INPH compared
to obstructive hydrocephalus, we did not consider a nor-
mal control group. Another limitation was the small num-
ber of patients in each group because this was a pilot study.
Finally, we obtained CSF samples only one time during ven-
tricular catheterization for a shunt operation. It has been
demonstrated that the levels of certain markers in the GSF
might fluctuate over time, so a sample at one time point
might be of limited use [31]. However, repeated ventricu-
lar punctures or CSF collection from the implanted shunt
devices to monitor the CSF biomarkers are limited due to
infection and technical problems even though CSF in the
brain ventricles is theoretically more stable and the values
in this CSF probably provide more reliable informations
than those for the CSF obtained by lumbar puncture in the
spinal canal [32]. Moreover, little fluctuation in the levels
of some Alzheimer disease biomarkers in lumbar CSF has
been reported [33].

CONCLUSIONS

In the present study, we could not demonstrate a significant
difference in the expression levels of biological CSF mark-
ers between INPH and SAH-induced chronic hydrocepha-
lus. This finding suggests that the pathophysiology of both
types of NPH may be similar. Instead, we showed that CSF
TNF-o and TGF-B1 levels in patients with SAH-induced hy-
drocephalus and INPH were increased compared to those
in patients with chronic obstructive hydrocephalus. It im-
plies that post-SAH hydrocephalus and INPH are probably
more destructive to neural tissue and then stimulate the
inflammatory reaction and healing process to a greater

extent compared with obstructive hydrocephalus. Further
investigation in a larger group is warranted to settle these
issues in the future. Finally, more refined assay techniques
will probably lead to tests of the CSF composition that will
indeed be useful for the clinical management of hydroce-
phalic patients.
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